has shown to improve significantly both overall survival (OS) and progression-free survival (PFS) even in the rituximab era significantly and also in patients with nonbulky-disease [1] [2] [3] . The advances with chemotherapy and radiotherapy have considerably increased the survival rates. Most of the patients are in a middle age of 50 to 60 years and the treatment is in principle curative with a five year PFS of 75-90%. Therefore on the one hand, DLBCL has to be adequately treated to reach a curative outcome, on the other hand RT-delivery should avoid critical dose burden to organs at risk, i.e. especially the heart and the lungs, in order to reduce late cardiac morbidity and the risk for secondary lung cancer. In Hodgkin´s disease, the relative risk (RR) of secondary lung cancer increases considerably in relation to the dose of ionizing radiation, with a RR of 9.6 when more than 9 Gy are administered [4]. Less is known about the correlation between NHL and second lung cancer. Although, the RR is higher in long-term NHL survivors than in healthy individuals. The risk for cardiac mortality and secondary cancers can be estimated using calculation models. Toltz, et al. used the relative seriality model to predict excess risk of cardiac mortality and a modified linear quadratic model to predict the Excess Absolute Risk (EAR) for induction of lung cancer and breast cancer in patients with Hodgkin´s Lymphoma, NHL or breast cancer [5] . They compared the results of 3D conformal photon radiotherapy (3D-CRT) and intensity modulated proton therapy (IMPT). The excess risk of cardiac morAbstract Background: Consolidative radiotherapy after immunochemotherapy in localized bulky diffuse large B-cell lymphoma (DLBCL) patients significantly improves both, overall and progression-free survival and treatment is in principle curative. Therefore protection of organs at risk is highly relevant.
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Background
Diffuse large B-cell lymphoma (DLBCL) constitutes 30 to 40% of all aggressive non-Hodgkin´s lymphoma (NHL). The current primary standard systemic therapy consists of the anti-CD20 antibody rituximab plus cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP). Consolidation radiation therapy (RT) patient B. The biopsy confirmed a partially necrotic and sclerotic primary mediastinal B-NHL in both patients. None had bone marrow involvement and cerebrospinal fluid was negative. 6 cycles of R-CHOP-14 (every 14 days) and 2 cycles of rituximab were administered and restaging with CT after systemic therapy showed a partial response (PR) according to Lugano Response Criteria for NHL [8] . PET for restaging was completely negative in patient B. The planning target volume (PTV) encompassed the original suspicious volume prior to chemotherapy and spared the lungs as involved-site radiation therapy (ISRT) (Figure 2A ). The target was delineated by a single radiation oncologist on 4D-CT (FB) and on DIBH-CT. The gross tumor volume (GTV) was the residual tumor volume after R-CHOP. The planning was done two weeks after the last rituximab infusion and RT started one week after CT. The lungs and the heart were auto-segmented, the contours were reviewed and adjusted due to the published guidelines [9, 10] . Due to PR in CT a complementary total dose of 45 Gy (A) and 39.6 Gy (B) in single doses of 1.8 Gy were prescribed to the PTV.
Technical Description, Planning and Results
Before simulation with CT an initial training with the patients and with the Active Breathing Coordinator System (ABC -system, Elekta) was necessary. The training aims to determine the breathable volume of the patient during deep inspiration and the possible time interval of DIBH phase. The post-training values were 2.4 liters (A) and 2.0 liters (B) and 25 (A/B) seconds in DIBH. Time interval was 20 seconds. DIBH clearly expanded the lungs volume and shifted the heart into tality was 0.9% versus 0.5% and the EAR for lung cancer were 17.5 cases per 10,000 persons per year (PY) and 10.1. Mean EARs for breast cancer were 8.2 and 2.8 PY. Therefore, with regard to these long-term and potentially life-threatening side effects, it may be necessary to save dose on normal tissue also with photon techniques. Deep-inspiration breath-hold techniques (DIBH) can substantially reduce radiation dose to the heart in breast cancer resulting in a reduction of life years lost (LYL) [6] . The recent advances in RT delivery as intensity-modulated radiotherapy (IMRT) and DIBH can also be beneficial for less common treatments than breast cancer and may be worth being considered in commonplace planning for such patients. There is evidence in literature that DIBH-IMRT could be beneficial in patients with Hodgkin lymphoma and mediastinal mass [7] .
Case Presentation
Two 53-years (A) and 18-years (B) old male patients with a stage IB B-NHL were planned for consolidation RT. Both patients presented initially with a history of cough, weight loss, night sweats, fatigue, finally superior vena cava obstruction and pleural effusion in patient B, Computed tomography (CT) showed a bulky disease with a mediastinal mass of 12.4 × 7.2 cm (A) and 20 × 12 cm (B) consistent with lymphoma ( Figure  1A and Figure 1B ). Positron emission tomography (PET) for staging and evaluation of treatment response as international standard was not done in patient A because PET of aggressive lymphomas is not included in the catalogue of benefits of the statutory health insurances in Germany. PET for restaging was requested and approved by the health insurance as a special case in Figure 1A : Initial tumor burden before systemic therapy in an axial, sagittal and coronal view, patient A. Figure 2B ). Thus, large parts of the lungs and heart moved away from the prescription isodose region. The CT simulation was performed on A B Figure 2B : The apex of the heart was caudally displaced three to four centimeters in DIBH.
were sent to the planning system via DICOM export. The treatment plans were prepared using the treatment planning system Pinnacle, Version 14.0 (Philips, direct machine parameter optimization planning algorithm). IMRT planning was done as provided by ICRU 83. PTV D mean is the prescribed dose (A: 45 Gy; B. 39.6 Gy). D2 ("near max") should be maximum 105% of prescribed dose. D95 ("near min") should be 95% of the prescribed dose. For organs at risk the planning is done with the following constraints: Spinal cord maximum dose < 45 Gy (A: 36 Gy, B: 20 Gy), heart D mean < 15 Gy (Table 1A) , lungs D mean < 20 Gy or 37% < 20 Gy (Table 1A) . PTV was relatively larger in patient A than in patient B due to 4D-movements and DIBH had a larger impact on volume sparing in A. Quality parameters as homogeneity index, conformity index are given in Table 1B . One plan was created in free breathing (FB) mode and one in DIBH mode. For both plans volumetric modulated arc therapy (VMAT) was planned as irradiation technique, with two rotations each. The default rotation angles were (Philips), the isocenter was fixed and marked on the skin without additional fiducials and afterwards sent to the planning system via DICOM export. The patient was immobilized in an upper body BlueBAG vacuum cushion (Elekta, Medical Intelligence). The vacuum cushion was attached to the imaging table (iBeam evo Couchtop, Elekta) with indexing bars. The imaging table is identical to the treatment table, which means that it ensures a reproducible positioning during the whole irradiation series. The patient was placed in the vacuum cushion in a supine position with his hands over his head. Both arms cross in the area of the wrists. Two CT scans were performed in helical mode. The first scan took place in the free breathing mode and the second scan in DIBH with the values from the initial training. The scan reached from the chin to the thoracic vertebra 12. Because there is no interface to the ABC system on the CT scanner, for the breath hold phase, the patient was coached via microphone from the control room. After the CT scans, both data sets, including isocenters, 
Discussion
Today, immuno-chemotherapy with rituximab plays a major role in the management of primary mediastinal B-NHL. Four studies before the rituximab era could not clearly define the superiority of the addition of RT to chemotherapy in stage I and II patients [14] [15] [16] [17] . One study showed a clear benefit for RT in case of residual disease [18] . Patients with bulky disease clearly benefit from RT and thus an excellent long-term prognosis with 5-year overall survival rates from 75 to 90% can be reached for stage I-II patients [1, 19] . Therefore careful attention should be paid to dose reduction to the lungs counter clockwise from -178° to +182° and clockwise from +182° to -178°. In both cases, the aim was to achieve a maximum of homogeneous and conformal dose as possible in the target volume while keeping the dose of the adjacent organs at risk as low as possible [11] [12] [13] . The main focus was on the dose levels of the two lungs and the heart which should be as low as possible. Several ring structures with appropriate dose limits were created around the target volume as help structures. Thus, both a steep dose gradient outside the target volume and a low dose bath in normal, healthy tissue could be achieved. The treatment machine was an Elekta Synergy linear accelerator (MLCi2) equipped with a multi leaf collimator of 10 mm leaf width and a dynamic dose rate from 50 MU/min to 450 MU/min (VMAT). The planning results are shown in Table 1 , Figure  3(A-F) . Table 1B and estimated the risk of life years lost (LYL) by technique [29] . The lowest risk of LYL was offered by proton therapy in DIBH-PT in FB versus IMRT in DIBH had no advantage. Intensity modulated proton therapy (IMPT) in DIBH may have an additional benefit [30] . A recent and large analysis of the rate of second cancers in Hodgkin survivors treated at a median age of 34 years revealed that the most common second cancer is lung cancer in 17.5% of all patients with a general standardized incidence ratio of 2.9 [31] . In order to mitigate the risk for secondary malignancy in the lungs the dose distribution for our patients was anterior-posterior weighted and the reduced lung dose by DIBH may also contribute to lower this risk. MUs were 30 (A) and 5 (B) percent less in our patients. Thus, DIBH could also contribute to a lower risk of second cancer induction by lowering the whole body dose in VMAT.
Conclusion
In the presented cases, DIBH was translated from our department´s routine left sided breast cancer treatment and literature data from planning studies in Hodgkin patients to real planning and consolidative treatment in mediastinal NHL. The procedure has proven to be feasible and advantageous with regard to organ at risk sparing to a different extent in two different patients. Several studies also in the rituximab era have shown a survival benefit by involved field irradiation even for DLBCL-patients with stage I/II. DIBH and VMAT techniques are available nationwide in contrast to PT and IMPT and thus should be considered in the curative treatment of such cases. It depends on the individual anatomy and PTV-configuration to what extent the reduction can be performed. An individual plan comparison should be done for all patients as DIBH might not always guarantee for better planning results. Nevertheless, all lymphoma survivors should be followed carefully regarding cardiovascular disease and second cancer. and heart in order to reduce the risk for acute and late effects inclusive the induction of secondary tumors.
Data on the induction of radiation pneumonitis (RP) due to irradiation of Hodgkin and Non-Hodgkin Lymphoma are rare [20, 21] . The largest retrospective evaluation in IMRT-planned patients revealed 14% with RP (grade 36.7%) at a median 2.04 months after completion of RT. The risk in patients with refractory or relapsed disease is more than doubled in patients with consolidative irradiation, suggesting that the intensity of previous chemotherapy is also of high significance [21, 22] . Additionally, in relapsed tumors often higher radiation doses are prescribed than in consolidative irradiation. The volume of the lung receiving lower doses becomes more clinically meaningful in IMRT-planning: Several studies found that small doses to large volumes (V5 > 55%) might have the greatest impact [21, 23, 24] . The FB-plan versus DIBH-plan for our patients resulted in a MLD of 14/7. 9 Gy and a V5 of 58% and the non-RP-patients with a MLD of 10.3 and a V5 of 49%, the planning and irradiation in DIBH might not only be relevant with regards to a reduction of late effects but also to a lowered risk for RP.
Lymphoma survivors have an increased risk of fatal cardiovascular events compared to general populations [25] . The pooled number of deaths due to cardiovascular disease-with respect to different confounders as gender, age at treatment and comorbidities-was estimated to be 7.31 and 5.35 times that of normal population for Hodgkin and non-Hodgkin lymphoma survivors, respectively [25] . For mediastinal Hodgkin´s lymphoma Paumier, et al. were the first to describe a significant dose reduction of 15% to 20% to the coronary arteries, heart and the lungs by DIBH compared with FB. They partially implemented IMRT with DIBH in one patient [26] . A later planning study from Petersen, et al. evaluated the doses to the lungs, heart and female breasts prospectively by planning in PET/CT with DIBH in addition to staging FDG-PET/CT in FB and a planning CT in both FB and DIBH [27] . They found that DIBH can significantly decrease the dose to the heart and the lungs. IMRT alone without DIBH has no effect on lowering the mean heart dose, heart V20 Gy and lung V20 Gy in a planning study of 22 patients and mediastinal irradiation in Hodgkin lymphoma [28] . Therefore the combination of IMRT and DIBH might be most beneficial to patients with mediastinal irradiation in lymphoma treatment. In 2015, the same team compared the results with additional planning with proton therapy (PT) in FB and DIBH
